We present the J-and K S -band galaxy counts and galaxy colors covering 750 square arcminutes in the deep AKARI North Ecliptic Pole (NEP) field, using the FLoridA Multi-object Imaging Near-ir Grism Observational Spectrometer (FLAMINGOS) on the Kitt Peak National Observatory (KPNO) 2.1m telescope.
Introduction
The infrared universe still holds many unresolved questions: for example, the formation and evolution of galaxies and large scale structure. To answer such questions, JAXA (Japan Aerospace eXploration Agency) launched an infrared astronomy satellite AKARI (formerly ASTRO-F, Murakami 2004) on 22 February, 2006 (Japan Standard Time, JST) .
AKARI is equipped with a 68.5 cm cooled telescope and two scientific instruments, namely the Far-Infrared Surveyor (FIS, Kawada et al. 2004 ) and the Infrared Camera (IRC, Onaka et al. 2004) . A major goal of the mission is to perform an all-sky survey in six infrared wavebands from 9-180 microns to higher sensitivity, spatial resolution and larger wavelength coverage than the first such survey made by the Infrared Astronomical Satellite (IRAS, Hacking & Houck 1987) . In addition AKARI will perform deep surveys over the wavelength range of 1.7 microns (near-infrared) to 180 microns (far-infrared). Since the orbit of AKARI is Sun-synchronous polar, AKARI can often obtain deep exposures at the ecliptic poles. Such a deep survey program currently underway in the AKARI North Ecliptic Pole (NEP) field (Matsuhara et al. 2006) . Our near-infrared (NIR) ground survey is designed to identify the counterparts of sources detected with the AKARI NEP deep survey. We will study the nature of the detected sources via examination of their broadband energy distributions by also using the optical deep Subaru images in the same field (Wada et al. 2007 in preparation) . In this paper, we mainly discuss the J-and K S -band galaxy counts and compare these with the results from other fields.
The galaxy counts as a function of magnitude are a basic quantity in the investigation of galaxy evolution. It has been studied extensively in the optical region. However the NIR galaxy counts provide more accurate evolutional information on galaxies, since the effects of dust extinction and star formation are less severe than in the optical, hence the NIR light traces the underlying stellar mass more closely. Furthermore K-corrections due to the redshifted spectral energy distributions are also smaller and nearly independent of galaxy type (Cowie et al. 1996; Poggianti 1997 ).
For over a decade, there have been numerous surveys in the NIR K-band. The results of these galaxy counts have stimulated a lot of debates. The first claim against the single power-low slope of the K-band galaxy counts was reported by Gardner et al. (1993) . From four blank-field surveys (HWS, HMWS, HMDS, HDS), they showed that the slope of their counts changed at K ∼ 17 from d(log N)/dm ∼ 0.67 to 0.26. In contrast, subsequent deeper counts with the Keck 10 m telescope (Djorgovski et al. 1995) did not show any evidence for a turnover down to a limiting magnitude of K ∼ 24. However a superposition of the available results for wide and deep counts indeed showed a bump in the count slope at 16 < K < 20 (Saracco et al. 1997) . Cristóbal-Hornillos et al. (2003) point out that reproducing the change in the slope at K S ∼ 17.5 requires a delay in the galaxy formation epoch for both elliptical and spiral galaxies to lower values, z f orm < 2 and the presence of a population of star-forming dwarfs at all redshifts in a Λ-dominated universe. The tendency of the bump is also seen in recent results from wide and deep surveys, though the fainter counts of wide field surveys (e.g. 7.1 deg 2 Elston et al. 2006 ) require a correction for completeness while the brighter part of counts of deep surveys (e.g. Roche et al. 2003; Caputi et al. 2005; Förster Schreiber et al. 2006 ) have large errors due to the lower number of galaxies. It was also reported that galaxy populations below the turning point of the K-band count slope tend to have bluer optical-NIR colors (e.g. Gardner et al. 1993; Gardner 1995; Djorgovski et al. 1995; Saracco et al. 1997; Bershady et al. 1998; Saracco et al. 1999; McCracken et al. 2000; Huang et al. 2001; Kümmel & Wagner 2001) . On the other hand, papers describing the J-band galaxy counts published to date number only a few. The deep counts with the Keck 10 m telescope (Bershady et al. 1998 ) and wide field surveys covering a total area of roughly 1 deg 2 (Väisänen et al. 2000; Drory et al. 2001) did not show any sign of a flattening in the slope down to their limiting magnitudes. It is important to examine the existence any such change of galaxy counts and corresponding color by using the data obtained from improved deep, wide-field imaging surveys, since these will be fundamental clues to understand the evolution in the galaxy populations.
The K S -band survey in the AKARI NEP field covers the magnitude range 16.5 < K S < 19.5, so is therefore useful for determining the exact location of the change in galaxy count slope and the change of galaxy color. On the other hand, the J-band survey covers the magnitude range 17.0 < J < 20.5, and is therefore valuable to link other deep and wide galaxy counts. We also make an attempt to discover any corresponding change or confirm the unreported change in the J-band galaxy count slope by using our larger galaxy sample.
We describe the observations and reduction strategy in §2. We then present our procedure to separate stars and galaxies, completeness corrections and completeness corrected galaxy counts in §3. The galaxy color trend and the color distribution are describe in §4. In §5, we discuss the source of the uncertainties in the galaxy counts, possible causes of observed change in the galaxy counts and the bluer trend in the B − K S color distribution. Finally, the summary of this research is given in §6. Throughout this paper a cosmology with H 0 = 70 kms −1 Mpc −1 , Ω m = 0.3 and Ω Λ = 0.7 is assumed in agreement with the results for Type Ia supernovae (Riess et al. 1998; Perlmutter et al. 1999 ) and WMAP (Spergel et al. 2003) . Unless otherwise noted, we use the V ega magnitude system.
Observations and Data

Observations
The J-and K S -band imaging were made with the FLAMINGOS (Elston et al. 1998 (Elston et al. , 2003 The total effective area is 750 arcmin 2 in both the J-and K S -bands. Figure 1 show these divided survey areas on the z ′ -band image of the AKARI NEP field. The center coordinate and area of these observations are listed in Table 1 .
The observation in each band and position follows the standard sequence which consists of the 5×5 dither pattern with 20 ′′ offsets. A single exposure time of 120s was employed throughout the observations in the J-band, while the 20s and 30s exposure times in the K S -band were used to adjust to the background caused by the thermal emission from warm optics and telescope structure. The total exposure time in the J-band for each segment was 9480s, 8400s, 13080s, and 10920s in the NE, NW, SE and SW, respectively and in the K S -band was 6160s, 7110s, 6950s and 7980s in the NE, NW, SE and SW, respectively. The sky condition during this observation was photometric and we also confirmed that the fluxes of sources on the data were stable through the observation. The stellar image size of these regions ranged from 1.08 ′′ to 1.86 ′′ in FWHM for the J-band, and from 1.08 ′′ to 2.04 ′′ in FWHM for the K S -band. The standard stars, 9169 and 9177 listed in Persson et al. (1998) were observed for flux calibration. Uncertainties in the flux calibration are estimated to be less than ±0.1mag. Table 2 summarizes the observational conditions i.e., the total exposure time, FWHM of point sources, the 50% completeness limit, and the 3σ limiting magnitude for each position.
Reduction
Data reduction was based on the IRAF data reduction package 1 . Dark-averaged images for each exposure time were made and subtracted from all images. The sky flat images made with a lot of dark sky images were not practical because they were not free from any thermal component coming from the warm optics, and telescope structure. Thus flat-field calibration images were made by the subtraction of lamp-off dome flat images from lamp-illuminated dome flat images. These flat-field images are used to flatten all the individual images.
A external IRAF package, the Experimental Deep Infrared Mosaicing Software (XDIMSUM, Stanford et al. 1995) are used to perform careful sky subtraction, bad-pixel and cosmic ray masking, and final combination of the sky-subtracted individual images. We describe the details below.
In the first stage, the 'median' sky image made with five neighboring images were used to subtract for the sky component of each image which also consists of the thermal component from the warm optics and telescope structure. The possible cosmic ray events or rare pixel events due to unstable behavior and tracks of artificial satellites were excluded by rejecting the pixel values with scatters exceeding 2σ over the entire images. Then, we generated the reduced images in each band and each field in the sky, stacking all of the sky-subtracted frames with relative offsets which had been determined from the location of bright sources. From the first reduced image, we performed source extraction to make a object catalog as the input of the second stage reduction. This catalog was used to make the object masks for each image. Then we repeated the same steps of the first stage; sky subtraction, bad-pixel and cosmic rays masking, and final stacking of the sky-subtracted individual images. The difference from the first stage was to make much more accurate sky images for the sky subtraction. To make the new 'median' sky image of five neighboring images, We masked out the objects some of which could not be recognized on each image.
Thus we succeeded with an accurate sky subtraction using the new sky images which were free from faint objects. Final stacked images of the second stage were the final products in this data reduction.
For source detection and photometry on the reduced images, We employed the SExtractor routine, developed by Bertin & Arnouts (1996) . Detection was calculated using the rms map generated during the image combination process. Objects were detected in the condition with four pixels rising more than 1.5σ above the sky background rms noise, but only those brighter than 3σ limiting magnitude in Table 2 were listed in the source catalog.
3. J-and K S -Band Galaxy Counts
Star-galaxy separation
Star-galaxy separation is important especially at bright magnitudes, since the modeling of the faintest galaxy counts to study the evolution of distant galaxy populations relies heavily on an accurate normalization of the models at brighter magnitudes. However the spatial resolution of the NIR images is not good enough for a morphological separation of stars and galaxies to be secure. Instead, the detected objects were classified on the basis of the image profile of their optical counterparts (Wada et al. 2007 in preparation) .
First, we defined visible counterparts within a 2.0 ′′ radius from the location of the Jor K S -band selected sources. In our results, the objects with only one optical counterpart for a J-and K S source are 96.8 and 98.9%, respectively. Objects having two or more optical counter parts are rejected from the catalog. We also checked bright counterparts reaching to the saturation limit. Figures 2 and 3 show the FWHM of the z ′ -band image as a function of z ′ -band magnitude. Saturated point-like objects are seen at z ′ < 18. We found that optical counterparts at J ∼ 17 and K S ∼ 16.5 reaching to the saturation limit are all point-like stars. Therefore we regarded objects below these saturation limits as reliable.
On the other hand, some faint objects galaxies may be identified as stars because their extended emission vanishes into the background noise. However most objects at the faint end are visible as extended sources above the background noise (approximately more than 80% of the total number of the objects at J > 19.5 and K S > 18.0). The classification into point-like and extended objects is therefore reasonably reliable from J ∼ 17 and K S ∼ 16.5
to a 3σ limiting magnitude listed in Table 2 .
Secondly, we made use of the star-galaxy separation on the color-color diagram to obtain an educated guess at the object size. Figure 4 shows the
color diagram which is similar to the figures of McLeod et al. (1995) ; Gardner (1995); Huang et al. (1997) except that we use the i ′ -band on the SDSS system (Fukugita et al. 1996) . B and i ′ images from SUBARU/Suprime-CAM (Wada et al. 2007 in preparation) have been used to derive B − i ′ and i ′ − K S colors using SExtractor AUTO magnitude. The limiting magnitudes with a signal-to-noise ratio of five are B ∼ 28.4 and i ′ ∼ 27.0 in the AB magnitude system, respectively.
In Figure 4 , the solid line indicates the color of F0-M4 stars calculated based on the library of Pickles et al. (1998) . The open diamonds represent point-like objects from the catalog and flock around the stellar track. The extended objects shown by dots usually have a redder i ′ − K S color. Therefore, all objects of more than 5.4 pixels (corresponding to 1.08 ′′ ) in z ′ image are regarded to be galaxies.
We also checked that our star-galaxy separation was reasonable by comparing other star counts in the same region. Figure 5 shows a comparison of point-like star counts. The diamonds are our star counts and the open squares represent those of Kümmel & Wagner (2000) . Our star counts at 16.5 < K S < 17.0 are lower than Kümmel & Wagner (2000) , because our star counts are classified on the basis of the optical image profiles and some saturated point-like objects are removed from the catalog. However, the fainter star counts are in good agreement with each other and stellar contamination at K > 18 is less important (Kümmel & Wagner 2000) . In fact point-like objects of less than 5.4 pixels are approximately less than 20% of the total number in our catalog at K S > 18 and J > 19.5, respectively.
Completeness correction
We calculated completeness correction factors by applying Monte Carlo simulations to real images, using the STARLIST and MKOBJECTS packages within IRAF. This approach is appropriate because we can take account of the real noise and the pixel-to-pixel sensitivity variations in the images since randomly embedded artificial objects within the real images are extracted in the same way as that used to generate the real source catalogs. In principle, morphological types of the galaxies influence the estimate of completeness for the faint NIR galaxies for which galaxy morphologies are unknown. However, due to relatively large seeing size almost all the image profiles of the J-and K S -band sources are much smaller than the seeing disk (∼ 1 ′′ , e.g. the effective radii of elliptical bulges are only 0.
Therefore, we made artificial objects (mock galaxies) as point-like. Since too many artificial objects cause heavy blending among themselves, we generated 25 artificial objects in the real image and repeated this procedure 2000 times to obtain a statistically robust number of objects for each 0.25 magnitude bin. The radii of the mock galaxies are set to the FWHM of each different pointing field listed in Table 2 . The probability of an overlap between real and mock galaxies is less than two percent. Objects with fluxes near the detection limit are also seriously affected by noise and moreover, sometimes suffered from contamination from neighbor objects. Such objects are likely to be affected by flux-boosting and may not be extracted with accurate magnitudes. In order to judge the reliability of the source catalog, we derived the detection completeness without contamination from flux-boosting. Figures   6 and 7 show the ratio of the number of embedded artificial objects in each magnitude bin to those that were actually extracted. The NW and SW fields of the AKARI NEP region are shallower than the other fields in both the J-and K S -bands (see Table 2 ) and show a 20% difference in the completeness levels at J ∼ 19.3 and K S ∼ 18.3, respectively (see Table 4 and 6, respectively.
It is also important to evaluate the reliability of the completeness correction because the correction factor directly affects the faint end counts. For that purpose, we checked our completeness correction by comparing them with the completeness corrected shallow counts which comprise of a fraction of the co-added frames and the deep raw counts which comprise of all co-added frames (a similar approach was taken by Väisänen et al. 2000) .
As an example, Figure 10 shows the K S -band deep raw counts in the NE+SE regions, co-added shallow images at the same region and completeness corrected shallow counts. The shallow images comprise of 17% of all co-added frames correspond to K S ∼ 18.5 at the 50% completeness limit and are around 0.8mag shallower than those of the all co-added deep raw counts. Note that the deep raw counts in the fainter range also require a completeness correction and therefore cannot be directly compared with the corrected shallow counts.
From Figure 10 , it is found that the faint end of 30% corrected shallow counts at K S ∼ 18.4
are consistent with the deeper raw counts.
J-band galaxy counts
In this and next subsection, we present the results for the J-and K S -band galaxy counts in the AKARI NEP field. Since the area and depth vary among the four fields (see Table 2 ), we first obtained the galaxy number counts in each individual field and then combined them to obtain the final number counts. Actual numbers of galaxies and corrected counts per square degree per magnitude, completeness correction factor and effective survey areas in square degrees in the J-and K S -bands are listed in Table 4 and Table 6 , respectively.
In order to evaluate the slope of the J-band galaxy counts, we fitted power laws of the form
The best-fit slopes are then calculated in two different domains (J > 19.5 and J < 19.5), We also show no-evolution models in both the J-and K S -bands for comparison.
The no-evolution models are pure K-correction models and constructed from three galaxy types (early-type, late-type 1 and late-type 2). The K-corrections of each galaxy type are calculated by using the theoretical spectral energy distribution (SED) models of Bruzual & Charlot (2003) . Regarding the K S -band galaxy counts, we refer to the type-dependent K-band luminosity function (LF) of Kochanek et al. (2001) based on the 2MASS Second Incremental Release Catalog of Extended Sources (Jarrett et al. 2000) .
However Cole et al. (2001) point out that the K-band photometry of Loveday et al. (2000) has better signal-to-noise and resolution than the 2MASS images and enables more accurate 2MASS magnitudes to be measured than the original default magnitudes (see also Frith et al. 2005) . We therefore normalized the characteristic magnitude M * K of the no-evolution model at K S ≤ 13.25 of the 2MASS counts measured by Frith et al. (2005) using a similar magnitude estimator to that of Cole et al. (2001) . On the other hand, to derive the J-band galaxy counts, we assume the shape of the type-dependent J-band LF is the same as the K-band LF of Kochanek et al. (2001) the factor is 2.1 at J ∼ 19.6. This is because neither pure luminosity evolution (PLE) nor bulk (luminosity or number density) evolution in the extragalactic population is included in the no-evolution model. In particular, the inclusion of PLE into the no-evolution model will increase the normalization of the models in the intermediate magnitude range but we reserve this work (and the investigation of bulk evolution in the near-infrared population as a whole) to the next paper in this series.
K S -band galaxy counts
The K S -band galaxy counts are presented in Figure 12 , which shows the results in the AKARI NEP field along with a compilation of published galaxy counts. In the bright magnitude range K S < 17.0, our result shows slightly higher counts than Gardner et al. For the K S -band galaxy counts, although the no-evolution model is consistent with the counts derived from the wide surveys for K S < 17, they are lower (approximately 35%) than the present work at around K S ∼ 18. In addition, the no-evolution model cannot reproduce the characteristic change in the slope since the count slope of each galaxy component in the no-evolution model varies rather smoothly from the bright to the faint end.
4. B − K S Galaxy Colors 4.1. B − K S galaxy color trend Figure 13 is a plot of the B − K S color trend of the galaxies in the AKARI NEP field. The filled circles show the median color in each magnitude bin. All of the galaxies are detected at the 3σ limiting magnitude in the K S -band listed in Table 2 . The median B − K S color of the galaxies becomes slightly redder up to K S ∼ 17.5 where it reaches a maximum value of B − K S ∼ 6, and then tends to be bluer to fainter magnitudes. This trend is similar to previous results (Gardner et al. 1993; McCracken et al. 2000; Huang et al. 2001 ). Figure 14 shows the B − K S galaxy color distributions. The solid line is the bright galaxy sample selected in 16.5 < K S < 17.5, dashed and dotted lines correspond to the galaxy samples selected in 17.5 < K S < 18.5 and 18.5 < K S < 19.5, respectively. These samples cover the bump region of the K S -band galaxy counts described in §3.4. The number of sources in the bright sample (16.5 < K S < 17.5) increases from B − K S ∼ 4 to a peak at B − K S ∼ 6.5 and decreases thereafter. The decrease of the red end is steeper than the increase at the blue end. Though the peak of middle sample (17.5 < K S < 18.5) is somewhat shifted toward a bluer B − K S color of 6.2 and the number of blue and red galaxies are relatively larger than the bright sample, the shape of the B − K S color distribution of the middle sample is similar to that of the bright sample. On the contrary, the shape of the faint sample (18.5 < K S < 19.5) is obviously different from the others, with a dramatic increase in the number of blue galaxies at 3.5 < B − K S < 5.0. We confirm this difference in the two samples by applying a Kolmogorov-Smirnov test (K-S test) to our data. The K-S test results in a probability of 10 −18 that two (bright and faint) galaxy samples are identical.
B − K S galaxy color distributions
Discussion
We presented the change of the J-and K S -band galaxy count slopes and the bluer trend in the B − K S color distribution in §3.3, §3.4 and §4, respectively. In this section, we discuss the relation ship of J-and K S -band count slopes (5.1), the source of the uncertainties in the galaxy counts (5.2) and implications from other observational studies (5.3).
Relation of J-and K S -band galaxy counts slopes
In the J-band, we presented galaxy counts based on the largest sample to date which bridges the previous deep and shallow galaxy survey counts. We showed the clear change of the slope at J ∼ 19.5 from d(log N)/dm = 0.39 to 0.30. However the change in the slope of the J-band counts is less prominent than that in the K S -band counts where it is visibly seen as a 'bump'.
The brighter component of the K S -band counts (above the 'bump') is dominated by early-type galaxies obeying the PLE (e.g. Metcalfe et al. 1991 Metcalfe et al. , 1996 Pozzetti et al. 1996) .
The less prominent slope change in the J-band counts is due to the early-type galaxies having large J − K S colors (i.e. fainter J-band magnitudes). Indeed, Saracco et al. (1999) reported J − K > 1.5 at K S < 18, while Bershady et al. (1998) discussed that early-type population show J − K > 2 at z > 1. A J − K color of ∼1.5 would imply to a corresponding turnover in the J-band counts at J ∼19.5.
Uncertainties in the K S -band count
For the K S -band galaxy counts in the AKARI NEP field, we have shown an indication of a change in the slope over the magnitude range 18 < K S < 19.5. Here we discuss the uncertainties in the K S -band counts over three different magnitude ranges: 18 > K S , 18 < K S < 19, 19 < K S , and compare in particular with the FLAMEX counts (Elston et al. 2006 ), a similar NIR survey covering 7.1 deg 2 using the same instrument (FLAMINGOS).
In the bright magnitude range (K S < 18.0), the slope of fitted power law of equation 1 is d(log N)/dm = 0.32 ± 0.06. Our result shows higher counts than the results of FLAMEX.
The difference between the two surveys is a factor 1.3 at K S ∼ 16.7. This may be attributed to the fact that the two surveys adopted a different approach for the star-galaxy separation.
Star-galaxy separation of FLAMEX was performed by using color-color diagrams while in the case of this work, the separation is based on the image profiles of optical counterparts.
Therefore some stars with profiles of more than 5.4 pixels may be included in the galaxy counts. However star counts in the NEP field do not heavily affect the galaxy counts in the fainter magnitude range, K > 18 (Kümmel & Wagner 2000) . In fact point-like objects of less than 5.4 pixels are less than 20% of the total number in our catalog at K S > 18. Thus the observed turn over from K S ∼ 17 is considered an intrinsic feature.
In the intermediate magnitude range ( In the faint magnitude range (K S > 19.0), the slope of our galaxy counts is d(log N)/dm = 0.32 ± 0.06. Our faintest counts may be significantly affected by incompleteness (approximately 50% complete) and show lower counts than the results of FLAMEX; the factor is 1.3 at K S ∼ 19.3. However, they are consistent with the results of other K-band deep surveys (Gardner et al. 1993; McLeod et al. 1995; Totani et al. 2001; Cristóbal-Hornillos et al. 2003) . We therefore cannot rule out the possibility that some of the reason for the change of slope observed over the magnitude range 18.0 < K S < 19.5 may be due to incompleteness since the completeness corrections are non-negligible at these magnitudes.
Evidence for number density evolution in the early-type population
To reproduce the turn over in the slope at K S ∼ 17.5, Cristóbal-Hornillos et al. (2003) delayed the galaxy formation epoch for elliptical and spiral galaxies to quite low redshift, z f orm < 2 and demanded the presence of a population of star-forming dwarfs at all redshifts in a Λ-dominated universe. However, since numerous early-type galaxies at z > 2 have recently been found (e.g. Daddi et al. 2005; Labbé et al. 2005) , it is unrealistic to completely extinguish early-type population at z > 2.
Our result of the B − K S color distribution also shows the number of blue galaxies dramatically increases below the 'bump' to fainter K S magnitudes. These results indicate that the contribution of early-type galaxies to the counts is relatively low in the fainter magnitude range, a result that has been suggested by several studies including galaxy morphologies at z > 1. Kajisawa & Yamada (2001) reported that the comoving density of M V < −20 galaxies decreases at z > 1 in each morphological category based on the result of the HST WFPC2/NICMOS archival data of the HDF-N. In particular, they showed that the number density of the bulge-dominated galaxies conspicuously decreases to 1/5 between the 0.5 < z < 1.0 and 1.0 < z < 1.5 bins. Other morphological studies also show the lack of massive ellipticals at redshifts greater than z ∼ 1.5 (e.g. Franceschini et al. 1998; Rodighiero et al. 2001 ).
Moreover, a similar decrease in the number of red galaxies at higher redshift is indicated from studies of extremely red objects (EROs). The EROs are selected to have very red optical-to-near infrared colors such as R − K > 5 − 7, I − K > 4 − 6. The number counts of EROs using a sample (K < 21) of 158 EROs in the ELAIS N2 field shows lower counts than those predicted by models in which all E/S0 galaxies evolve according to PLE. However, the counts can be fit by a model combining PLE with galaxy merging and a decrease in the comoving number density of these passive galaxies with redshift (Roche et al. 2002) .
Based on a very deep sample (K S < 22) of 198 EROs from the ESO/GOODS data in the CDF-S, Roche et al. (2003) reported that the ERO number count flattens at K > 19.5 from d(log N)/dm = 0.59 to 0.16.
This negative density evolution also has been reported from studies of the evolution of the K-band LF at various redshifts: z < 1 (Glazebrook et al. 1995; Feulner et al. 2003) , z < 2 (Bolzonella et al. 2002; Pozzetti et al. 2003) , z < 3.5 (Kashikawa et al. 2003) and z < 4 (Saracco et al. 2006) . Note that Pozzetti et al. (2003) show a contrary result, however, their large errors due to the limited sample size do not rule out a decrease of the comoving number density with redshift.
To summarize, the number density evolution of the elliptical galaxy population remains unsolved. However the bump in the K S -band galaxy count is an important clue and imposes tight constraints on the formation and evolution of each galaxy population because galaxy counts are measured with less indefiniteness than other observables and wider and deeper NIR survey can pin down the slope of the galaxy counts more precisely. We entrust further discussion about the evolution of each galaxy population to our forthcoming paper.
Summary
We performed a NIR survey in the AKARI NEP field, using FLAMINGOS on the KPNO 2.1m telescope. The total area is 750 arcmin 2 and the limiting magnitudes to a signal-to-noise ratio of three in the deepest regions are 21.85 and 20.15 in the J-and K S -bands respectively in the V ega magnitude system. The extracted objects are classified while the K S -band galaxy counts show a more significant 'bump' in the magnitude range 18.0 < K S < 19.5. The B − K S color distribution of our galaxy samples also shows an obvious change around the 'bump' magnitude of the K S -band counts. The number of blue galaxies in the magnitude range 18.5 < K S < 19.5 is significantly larger than that of the K S < 17.5 samples.
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